Mitochondrial hyperpolarization after transient oxygen-glucose deprivation and subsequent apoptosis in cultured rat hippocampal neurons.
Mitochondrial membrane potential (MMP) regulates the production of high-energy phosphate and apoptotic cascade, both occurring after ischemic impact. The timed profile of MMP differing from grading ischemic impact has to be determined. Primary rat hippocampal cultures were exposed to oxygen-glucose deprivation (OGD) for 30, 60, and 90 min and then were reoxygenated. MMP was expressed as a voltage-dependent dye, JC-1 fluorescence, under confocal microscopy. Cell viability was assessed by calcein AM and ethidium homodimer, each at 3 hours and 24 hours after 30, 60, and 90 min of OGD. The appearance of apoptosis was also evaluated by the TUNEL method at 24 hours. Hyperpolarization of MMP (2.31+/-0.94 normalized JC-1 fluorescence ratio between red and green) was observed during reoxygenation after 30 min OGD, while 60 min OGD induced depolarization (0.66+/-0.22, Valinomycin (potassium ionophore)-induced depolarization: 0.53+/-0.19). The fluorescence of mitochondria became weak after 90 min OGD. Most of the neurons were shrunken after 90 min and neurons were TUNEL-positive 24 hours after 30 min OGD, although most neurons were viable at 3 hours. A longer period of OGD induced necrosis, and most neurons remained viable after only 3 hours. Our data present that the short (30 min) OGD induced hyperpolarization of MMP during reoxygenation, while a longer OGD (60 or 90 min) induced depolarization and acute necrosis. Neurons were still viable even during hyperpolarization of mitochondria, but this hyperpolarization appears to be linked to subsequent apoptotic change.